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HISTOLOGY AND CYTOCHEMISTRY OF HUMAN SKIN
VIII. MITOCHONDRIA IN THE SEBACEOUS GLANDS*
WILLIAM MONTAGNA, Pn. D.
Mitochondria are not difficult to demonstrate in sebaceous cells. Yet, they
are only briefly described in the literature. Nicholas et al (4) believed that mito-
chondria in sebaceous cells undergo a direct transformation into lipid droplets.
In the sebaceous glands of the mouse the mitochondria are said to increase in
number at the beginning of lipid storage, to decrease during sebaceous trans-
formation, and to disappear in mature cells (2). In this paper mitochondria are
studied in human sebaceous glands. They are intimately associated with the
synthesis and storage of lipids but the lipid droplets do not seem to develop at
the expense of rnitochondria.
MATERIALS AND METHODS
These observations were made on about 50 biopsy specimens of normal human
skin from nearly every representative area of the body. The biopsy specimens
were removed without anesthesia with a high-speed rotary punch 5 mm in
diameter. Pieces of skin not larger than one millimeter in thickness were fixed
in Regaud's fluid for three days at 37°C and the fluid was changed every day.
They were then transferred to three per cent potassium bichromate in a 37°C oven
for at least three weeks; this fluid was changed every other day. The tissues were
embedded in paraffin, sectioned at three micra and stained with Regaud's hema-
toxylin or with Altmann's aniline acid fuchsin-methyl green. The two methods
gave equally good results.
OBSERVATIONS
In the sebaceous ducts the cells contain many small filiform mitochondria
clustered around the nucleus. In the sebaceous acini the indifferent cells found
at the periphery, or anywhere in the glands, also contain numerous mitochondria.
These, however, are stouter and more numerous than those found in the cells
of the ducts (Figs. 1, 2).
At the beginning of sebaceous differentiation, the small lipid "vacuoles" first
appear in the perinuclear cytoplasm of indifferent cells, in the midst of rich
fields of mitochondria (Figs. 1, 2). With continued sebaceous transformation,
the vacuoles become larger and more numerous, and the volume of each cell
increases. In moderately mature sebaceous cells, the cytoplasm between the
lipid vacuoles is filled with mitochondria in the form of rodlets, wavy filaments,
rings and granules, and each vacuole is encircled with mitochondria (Figs. 1, 2, 3).
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In mature sebaceous cells, the cytoplasm is reduced to a flimsy spongework
between the large lipid vacuoles. The lipid vacuoles are so large that the volume
of the cells is increased many times. Yet, even in these disproportionately en-
larged cells mitochondria surround each of the vacuoles (Fig. 4). These mito-
chondria, however, are more delicate and difficult to show than those in less
mature sebaceous cells. When the cytoplasmic spongework of mature sebaceous
cells begins to break down, discrete mitochondria are no longer visible but the
necrotic cytoplasmic network stains vividly with acid fuchsin like the mito-
chondria. The cell-debris in the newly formed sebum also stains like the mito-
chondria but the older sebum in the excretory ducts remains unstained.
DISCUSSION
Although mitochondria are not difficult to demonstrate in skin, certain strict
rules must be adhered to. Skin must be fresh, the fragments of tissues must be
very small, and they must be postchromed for at least three weeks, since short
post-chroming times are ineffective (1). If one takes these precautions, mito-
chondria can be easily demonstrated even in the epidermis.
The distribution, the number and the general morphology of mitochondria
in the cells of the sebaceous ducts and in the peripheral, indifferent cells of seba-
ceous acini resemble those in the cells of the surface epidermis. The entire mor-
phology of indifferent sebaceous cells, for that matter, is indistinguishable from
that of epidermal cells.
In the beginning of sebaceous transformation lipid granules first appear in the
perinuclear cytoplasm, among the numerous mitochondria. Even though ring-
shaped mitochondria are numerous, the lipid droplets do not form inside them.
The substance inside the rings is cytoplasm and not a lipid. The many-fold
increase in the volume brought about by the increase in stored lipids is not
accompanied by a parallel decrease in the number of mitochondria. The number
remains constant but the individual mitochondria are scattered over a larger
volume. This is contrary to the conclusion of other authors who postulate that
the number of mitochondria decreases during differentiation (2, 4). Mitochondria
remain recognizable and numerous until sebaceous cell breakdown begins. This
indicates that no direct transformation of mitochondria into lipid droplets oc-
curs. The lipid droplets, however, are first formed and develop in the midst of
mitochondria. This suggests that mitochondria play a directive role in the syn-
thesis of sebaceous lipids.
Before the sebaceous cells break down the mitochondria are no longer visible
and the cytoplasm between the lipid droplets attain the staining property of
mitochondria. After the cells have begun to fragment, the cytoplasmic debris of
the sebaceous cells and in the newly-formed sebum also stains like mitochondria.
In skin prepared with the acid hematin test to demonstrate phospholipids, the
sebaceous cells have reactive cytoplasmic granules and rodlets similar to the
mitochondria described here. These particles, which have been interpreted as
the Golgi elements (3, 5) must also include the mitochondrial elements. Phos-
pholipids have also been demonstrated to be abundant in the decaying sebaceous
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cells and in the newly-formed sebum (5). These particnlar sites stain like mito-
chondria and contain fragmented mitochondria. Phospholipids in sebum could
come in part from the fragmented mitochondria.
SUMMARY
1. Mitochondria can be demonstrated easily in the sebaceous glands, provided
that the fragments of skin fixed do not exceed one millimeter in thickness, and
that the period of post-chromation is not shorter than three weeks.
2. Mitochondria in the form of rodlets, filaments, rings and granules are
numerous in the cytoplasm of undifferentiated sebaceous cells. During sebaceous
transformation lipid globules are completely surrounded by mitochondria.
3. Mitochondria seem to play a directive role in the synthesis of sebaceous
lipids. They do not undergo a direct transformation into lipid droplets.
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PLATE 1
EXPLANATION OF FIGURES
All of these figures are from sections of tissues fixed in Regaud's fluid, postchromed
for 6 weeks, cut at 3 , and stained with aniline acid fuchsin-methyl green. All magnifications
are 1500X.
FIG. 1. Mitochondria in the cells at the periphery of a sebaceous acinus from the scalp.
The indifferent peripheral cclls (arrows) have small mitochondria clustered around the
nucleus. Observe the mitochondria in the differentiating sebaceous cells. Although clear-
cut in the preparation, mitochondria in these cells are too small and crowded to be photo-
genic.
FIG. 2. Mitochondria in the peripheral, differentiating cells of a sebaceous acinus and
in the partially differentiated cells from the axilla. During this early differentiation the
cells contain large numbers of mitochondria in the form of short, stout rods and rings.
FIG. 3. Mature sebaceous cells from the axilla. The flimsy cytoplasm between the lipid
vacuoles is full of mitochondria and each lipid vacuole is completely surrounded by mito-
chondria.
FIG. 4. Mature sebaceous cells about to break down but still containing intact mito-
chondria. The mitochondrion at the arrow is ring-shaped.
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